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s (54) Title: A FILTER ASSEMBLY 




(57) Abstract: The invention provides a filter assembly (10; 
100) for use m a vacuum cleaner having a first filter portion 
(14; 150) comprising a foam filter (14a; 120), and a second fil- 
ter portion (16; 116) located downstream of the first filter por- 
tion (14; 150) and consisting of a HEPA grade filter medium, 
the first and second filter portions (14, 16; 150, 116) being held 
directly adjacent one another. The fust filter portion (14; 150) 
further comprises an electrostatic filter (14b; 121) located on 
(he side of the foam filter (14a; 120) facing the second filter 
portion (16; 116). The foam filter (14a; 120) of the first filter 
portion (14; 150) is, in use, exposed direcfly to a dust-laden air- 
flow. The provision of the electrostatic filter (14b; 121) on (he 
foam filter (14a; 120) eliminates the possibility of dust initiaUy 
retained by but later released from the foam filter (14a; 120) 
escapmg from the first filter portion (14; 150). 
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A Filter Assembly 

The invention relates to a filter assembly. Particularly, but not exclusively, the invention 
relates to a filter assembly designed and adapted for use in a vacuum cleaner. More 
particularly, the invention relates to a filter assembly for use in a vacuum cleaner and which 
is used to protect the motor and fan unit. 

Motor filter assemblies for removing dust remaining entrained in the air stream of a 
vacuum cleaner or other dust retaining appliances are common. Such filter assemblies 
generally comprise at least one filter located in a filter housing. Commonly, two or three 
filters are arranged in series in the filter assembly to maximise the amount of dust captured 
by the filter assembly. A known type of filter comprises a first foam filter which is located 
directly in the air stream and has a large dust retaining capacity. An electrostatic or HEPA 
grade filter, which is capable of trapping very small dust particles, in particular particles of 
less than one micron, is then provided downstream of the foam filter to retain any dust 
which escapes from the foam filter. In such a known arrangement, little or no dust is able 
to exit the filter assembly. It is known to provide a foam filter which is removable from the 
filter assembly for cleaning. WO 99/12635 discloses an air filter for respiratory apparatus 
comprising a series of filters; foam, electrostatic and HEPA. The filters are located in two 
separate housings, a first housing having a washable foam pre-filter and a second housing 
having both electrostatic and HEPA grade filters. The foam pre-filter retains the major 
portion of the entrained dust and is removable for cleaning. However, this arrangement is 
limited in that the electrostatic or HEPA grade filters, which retain dust which may escape 
the foam pre-filter, cannot be removed for cleaning. Therefore, the filters in the second 
housing will require to be replaced at frequent intervals. 

It is an object of the present invention to provide a filter assembly suitable for use in a 
vacuum cleaner or other appliance which has a large capacity for retaining dust and 
wherein the filter components of the filter assembly do not require to be replaced at 
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frequent intervals. It is a further object of the present invention to provide a filter assembly 
which retains the ability to contain dust under large back pressures. Further, it is an object 
of the present invention to provide a filter assembly for use in a vacuum cleaner or other 
appliance in which the motor is reliably protected and in which the maintenance costs of 
the vacuum cleaner or other appliance are reduced. 

The invention provides a filter assembly for use in a vacuum cleaner having a first filter 
portion comprising a foam filter, and a second filter portion located downstream of the first 
filter portion and consisting of a HEPA grade filter medium, the first and second filter 
portions being held directly adjacent one another by means of a filter housing, the foam 
filter of the first filter portion being, in use, exposed directly to a dust-laden airflow, and the 
first filter portion being removable from the filter assembly, characterised in that the first 
filter portion further comprises an electrostatic filter located on the side of the foam filter 
facing the second filter portion. In such an arrangement, any dust which may escape from 
the foam filter is trapped by the electrostatic filter before it reaches the HEPA filter. Little 
or no dust will be deposited on the HEPA filter under normal use conditions. This prolongs 
the life of the HEPA filter since it is efifective to separate dirt and dust only under extreme 
conditions, which are infrequent. Further, the foam filter and the electrostatic filter can be 
removed for cleaning in a single operation. 

Preferably, the electrostatic filter is bonded to the foam filter. Bonding the electrostatic 
filter to the foam filter ensures that there can be no misplacement or misalignment of the 
electrostatic filter. If the electrostatic filter were inaccurately positioned, dust that might 
otherwise have been trapped in the electrostatic filter will pass to the HEPA filter. If this 
were to happen, the HEPA filter would need to be replaced more frequently. Bonding the 
electrostatic filter to the foam filter ensures that this does not happen. Further, bonding the 
electrostatic filter to the foam filter provides a filter core that can be easily removed from 
the filter assembly for cleaning. Alternatively, the electrostatic filter may be removably 
attached to the foam filter. 
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Preferably, the first filter portion is washable. The first filter portion will generally retain 
most of the dust or dirt entrained in the airflow. When the filter portion becomes less 
efficient than is desired due to excess loading, the user is able merely to wash the filter 
portion and, after drying, the first filter portion can be returned to the filter assembly for 
further use. The maintenance costs of the appliance are thus reduced. 

Preferably, the second filter portion is washable. This means that the entire filter assembly 
can be cleaned by washing, which in turn means that replacement filters are not required. 
When the filter assembly becomes less efficient than is desirable due to excess loading, the 
user is able to wash both the first and second filter portions and, after drying, the filter 
assembly can be letumed to the vacuum cleaner (or other appliance) for further use. 
Advantageously, maintenance costs of the appliance are thus reduced. 

Preferably, the first and second filter portions are at least partially enclosed by means of the 
filter housing. Preferably, at least one of the filter portions is bonded to the filter housing. 
More preferably, the second filter portion is bonded to the filter housing. This ensures that 
the second filter portion cannot be misplaced or misaligned when the first filter portion is 
removed for washing. 

Preferably, the first filter portion has a tab or gripping portion located on a surface thereof 
remote from the second filter portion to facilitate removal of the first filter portion from the 
filter housing. Advantageously, this provides a means for removing the first filter portion 
from the filter housing, when it needs to be cleaned, without the user having to directly 
handle it. 

Further advantageous features are set out in the subsidiary claims. 
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Embodiments of the invention will now be described with reference to the accompanying 
drawings, in which: 

Figure la is a plan view of a first filter assembly according to the invention; 
Figure lb is a sectional view taken along line b-b of Figure la; 
Figure 2 is an exploded view of the filter assembly of Figure la; 

Figures 3a, 3b and 3c are plan, side and perspective views respectively of a first filter 
portion forming part of the filter assembly shown in Figures 1 and 2; 

Figures 4a and 4b are plan and side views respectively of a second filter portion forming 
part of the filter assembly shown in Figures 1 and 2; 

Figure 5 is a sectional view of a second filter assembly according to the invention; 

Figures 6a and 6b are perspective and sectional views respectively of the filter assembly of 
Figure 5 shown on a reduced scale and showing the first filter portion in a partially 
removed position; and 

Figure 7 is an exploded perspective view of a third filter assembly according to the 
invention and similar to that shown in Figures 5, 6a and 6b. 

A first embodiment of a filter assembly according to the present invention is shown Figures 
la, lb and 2. The filter assembly 10 essentially comprises a filter housing 12, a first filter 
portion 14 and a second filter portion 16. The filter housing 12 is cylindrical in shape and 
is manufactured from a suitable plastics material. The filter housing 12 has a cylindrical 
outer wall 18 which is adapted to receive the first and second filter portions 14, 16. A 



wo 01/45545 



PCT/GBOO/03212 



5 

cylindrical sleeve 20 is located inwardly of the cylindrical outer wall 18 and is connected 
thereto by radially projecting arms or spokes 22 which extend between an end face of the 
cylindrical sleeve 20 and an end face of the cylindrical outer wall 18. As can be seen from 
Figure 2, the spokes 22 lie generally in the plane of one end of the cylindrical outer wall 18. 
The cylindrical outer wall 18, the cylindrical sleeve 20 and the spokes 22 are manufactured 
integrally by means of known plastics forming techniques. 

A central gripping portion 24 is provided on or within the cylindrical sleeve 20. It is also 
integrally moulded with the cylindrical outer wall 18, the cylindrical sleeve 20 and the 
spokes 22. The central gripping portion 24 essentially comprises a generally cylindrical 
portion 25 with a plate-like portion 26 extending therefrom along the axis of the filter 
housing 12. The plate-like portion 26 provides a user with the means to grasp the central 
gripping portion 24 in order to insert the filter assembly 10 into the appliance in which it is 
to be used, or to remove it therefrom. The plate-like portion 26 can incorporate a textured 
surface which will assist the user to grip the connector portion 24. The plate-like portion 
26 is dimensioned so that it projects beyond the end surface of the filter housing 12 as 
shown in Figure lb. This feature can be used in conjunction with the vacuum cleaner in 
order to prevent the user from inadvertently positioning the filter assembly 10 in the 
relevant appliance in an incorrect orientation. More specifically, the vacuum cleaner will 
include a recess or other shaping into which the filter housing 12 is to be received, but the 
recess will not include any accommodation for the projecting plate-like portion 26. This 
ensures that the user will be unable to seat the filter housing 12 in the recess in the vacuum 
cleaner if the filter housing 12 is tumed the wrong way up. The user will be alerted to this 
and will be able to correct the orientation of the filter housing 12. 

It will be appreciated that the central sleeve 20 and/or the central gripping portion 24 can 
carry means for fixedly connecting the filter assembly 10 to the relevant appliance. The 
manner in which the filter assembly 10 is connected to the appliance is immaterial to this 
invention and a skilled reader will appreciate that the connection can be formed by the 
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mating of camming surfaces, by screw-threaded portions, by snap-fitting/quick-release 
fasteners or other equivalent means. 

It is essential that the spokes 22 are arranged and configured so that a relatively small 
proportion of the area of the end face of the filter housing 12 in which the spokes 22 lie is 
obstructed by them. In the illustrated embodiment, eight spokes 22 are equi-angularly 
arranged about the cylindrical sleeve 20. However, the number of spokes 22 provided is 
not critical and it is envisaged that fewer or more than eight spokes 22 can be present. As 
few as four spokes and as many as sixteen spokes are expected to be acceptable, with eight 
or twelve spokes being preferred. 

The first and second filter portions will now be described with reference also to Figures 3 
and 4. The first filter portion 14 comprises a foam filter 14a and an electrostatic filter 14b. 
A suitable material from which the foam filter 14a can be manufactured is 90ppi reticulated 
open cell polyurethane foam. The foam filter 14a is shaped and configured to form a 
cylindrical disc having a central aperture 14c. The foam filter 14a is dimensioned so as to 
substantially fill the interior of the filter housing 12. Therefore, the outer diameter of the 
foam filter 14a is substantially the same as the diameter of the cylindrical outer wall 18 of 
the filter housing 12, and the diameter of the central aperture 14c of the foam filter 14a is 
substantially the same as that of the cylindrical sleeve 20. In order to ensure that the 
interior of the filter housing 12 is reliably filled, it is preferred that the outer diameter of the 
foam filter 14a is slightly larger than the interior diameter of the cylindrical outer wall 18, 
and the diameter of the central aperture 14c of the foam filter 14a is slightly smaller than 
the outer diameter of the cyhndrical sleeve 20. The electrostatic filter 14b is manufactured 
from a sheet of suitable electrostatic medium, for example, Technostat®. The electrostatic 
filter 14b is circular in shape and has a central aperture 14d. The electrostatic filter 14b is 
dimensioned so that the outer diameter thereof is substantially the same as the outer 
diameter of the foam filter 14a and the central aperture 14d of the electrostatic filter 14b is 
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substantially the same as the central aperture 14c of the foam filter 14a. The electrostatic 
filter 14b is bonded to the foam filter 14a by suitable means so that the central aperture 14c 
and the central aperture 14d are aligned. Altematively, the electrostatic filter 14b can be 
placed adjacent the foam filter 14a without being bonded thereto. 

A tab 28 is provided on the first filter portion 14 in order to assist with the removal of the 
first filter portion 14 from the filter housing 12. The tab 28 can take any suitable form. In 
the embodiment shown, the tab 28 consists of a flexible elongate strand 28a having a 
securing tab 28b at one end and a gripping tab 28c at the other end. The securing tab 28b 
is pushed through tiie foam filter 14a and the electrostatic filter 14b of the first filter portion 
14 in a manner commonly used in relation to textile materials and goods made therefrom. 
The sd:and 28a is made sufficiently long to ensure that the gripping tab 28c is accessible to 
the user in order to effect the removal of the first filter portion 14 from the filter housing 
12. Altematively, a simple textile or plastics tab could be secured to the outer surface of 
the first filter portion 14 by adhesives or by other means. 

The second filter portion 16 is illustrated in Figures 4a and 4b. The second filter portion 16 
consists of a HEPA grade filter medium covered on both sides by layers of a protective 
fabric. The layers are held together in known manner by stitching or other known means. 
The second filter portion 16 is circular in shape with a central aperture 16a for receiving the 
cylindrical sleeve 20 of the filter housing 12. The dimensions of the second filter portion 
16 are chosen so that the second filter portion 16 covers the end face of the filter housing 16 
in which the spokes 22 are formed. The second filter portion 16 is located directly 
adjacent the spokes 22 of the filter housing 12 and is bonded to the portion of the 
cylindrical outer wall 18 immediately adjacent the outer ends of tiie spokes 22. In this 
manner, the second filter portion 16 is held in a fixed position with respect to the filter 
housing 12. The second filter portion 16 is bonded to the filter housing 12 by any suitable 
method. Suitable methods include heat welding, ultra-sonic welding and adhesive. It is 
preferred that, during the bonding process, all of the layers of the second filter portion 16 
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are bonded to the filter housing 12 so that the risk of delamination of the second filter 
portion 16 during washing is reduced. 

As can be seen from Figures 1 and 2, the assembly is arranged so that the second filter 
portion 16 is located directly adjacent the spokes 22 of the filter housing 12 and the first 
filter portion 14 is then located within the cylindrical outer wall 18 of the filter housing 12 
directly adjacent the second filter portion 16. The electrostatic filter 14b of the first filter 
portion 14 Hes directly adjacent the second filter portion 16. 

In use, the filter assembly 10 is placed in the airflow path of the vacuum cleaner or other 
appliance in which the filter assembly 10 is to be used. The plate-like portion 26 is used to 
ensure that the filter housing 12 is correctly orientated. Specifically, the filter assembly 10 
is arranged so that the open face of the filter housing 12, i.e. the end face remote from that 
in which the spokes 22 are airanged, faces upstream. Air to be filtered therefore enters the 
foam filter 14a first. Filtration takes place within the foam filter 14a which has a very 
significant capacity for trapping and retaining dust. However, continued use, particularly 
within a vacuum cleaner, may lead to an increase in the back pressure applied to the filter 
assembly 10. Any dust that may escape the foam filter 14a is trapped by the electrostatic 
filter 14b of the first filter portion 14. In the event that the first filter portion 14 is not 
removed and cleaned by washing before the back pressure applied across the filter 
assembly 10 reaches a critical value, dust previously retained within the first filter portion 
14 will be expelled therefrom. However, the presence of the second filter portion 16 
immediately downstream of the first filter portion 14 ensures that any dust released by the 
first filter portion 14 is retained within the filter assembly 10. When a filter assembly 10 of 
this sort is used as a pre-motor filter in a vacuum cleaner or other appliance, the motor is 
thereby reliably protected. Even when the filter assembly 10 is fully loaded with dust, 
there is still no emission of previously retained dust from the filter assembly 10 and the 
motor continues to be protected. Indeed, in this event, either the back pressure across the 
filter assembly 10 or the rise in operating temperature of the motor will normally be 
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sufficient to operate a warning light to indicate to the user that the filter assembly requires 
to be removed and cleaned. 

As has been mentioned above, the first filter portion 14 can be cleaned by washing. The 
second filter portion 16 is also capable of being cleaned by washing. If the second filter 
portion 16 is bonded to the filter housing 12, the second filter portion 16 and the filter 
housing 12 must be washed together. If the second filter portion 16 is not bonded to the 
filter housing 12, then the second filter portion 16 can of course be washed independently 
of the filter housing 12. However, care must then be taken to replace the second filter 
portion 16 in the filter housing 12 in a position which does not allow any air to pass 
through the filter assembly 10 without passing through the second filter portion 16. 

It will be appreciated that the filter assembly described above can be manufactured with 
any appropriate dimensions. Purely for the purposes of illustration and without any intent 
to limit the disclosure herein, the dimensions of the filter housing 12 illustrated above are in 
the region of 140nmi diameter and 25mm depth. 

A second embodiment of a filter assembly according to the invention is illustrated in 
Figures 5, 6a and 6b. As can be seen from the Figures, the filter assembly 100 is again 
generally cylindrical in shape. In contrast to the embodiment illustrated in Figures 1 to 4, 
the axial length of the filter assembly 100 is greater than the diameter thereof. 

The filter assembly 100 comprises a first housing portion 102 and a second housing portion 
104. The first housing portion 102 is generally circular in shape and has a planar central 
portion 106 which is surrounded by a circular dished portion 108. Two outwardly 
projecting locating legs 1 10 are equispaced about the dished portion 108 and these extend 
away from the base of the dished portion 108 as shown in the Figures, The second housing 
portion 104 is annular in shape having an aperture in the centre thereof and a side wall 112 
which mirrors the outermost extremity of the dished portion 108 of the first housing portion 
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102. An annular lip 114 extends radially outwardly from the distal edge of the side wall 
112. 

A HEPA grade filter 116 is located between the first and second housing portions 102, 104. 
The HEPA grade filter 116 comprises a pleat pack of 102 pleats of washable HEPA grade 
filter material which is arranged in a cylindrical form. A first end 1 16a is seated in the 
dished portion 108 of the first housing portion 102 and is bonded thereto by suitable means. 
Suitable means include potting, adhesives, etc. The bonding of the first end 116a of the 
HEPA grade filter 116 into the dished portion 108 is of sufficient quality to prevent any 
passage of air around the end of the HEPA grade filter 116 within the dished portion 108. 
The other end 116b of the HEPA grade filter 116 is seated in the second housing portion 
104 radially inwardly of the side wall 112. The end 116b of the HEPA grade filter 116 is 
bonded to the second housing portion 104 by potting or adhesives or other suitable means. 
In this manner, the filter assembly 100 is given a cylindrical structure comprising the first 
and second housing portions 102, 104 and the HEPA grade filter 116. 

A filter core 150 is provided radially inwardly of the HEPA grade filter 1 16. The filter core 
150 comprises a cylindrical foam filter 120 and an electrostatic filter 121 located on the 
radially outer surface of the foam filter 120. The electrostatic filter 121 can be bonded to 
the cyHndrical foam filter 120 by suitable means. Alternatively, the electrostatic filter 121 
can be slipped over the cylindrical foam filter 120 without being bonded thereto. The filter 
core 150 is closed at a lower end by a circular disc portion 152. The disc portion 152 is 
securely bonded to the lower end by potting, adhesives, etc. The outer diameter of the filter 
core 150 is essentially the same as the internal diameter of the HEPA grade filter 1 16. This 
ensures that, when the filter core 150 is located inside the HEPA grade filter 116, the filter 
core 150, particularly the electrostatic filter 121, abuts against the internal surface of the 
HEPA grade filter 116. The internal diameter of the filter core 150 is sufficiently large to 
allow uiurestricted entry of a dust-laden airflow into the interior of the filter assembly 100. 
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As shown in Figures 6a and 6b, a first end 120a of the filter core 150 has a gripping portion 
122 attached thereto. The gripping portion 122 is preferably formed from potting so as to 
provided a resiliently deformable gripping portion which is securely bonded to the end 
120a of the filter core 150. Alternatively, the gripping portion 122 could be moulded from 
a plastics material and bonded to the filter core 150 by a suitable adhesive. The gripping 
portion 122 is dimensioned and shaped so that its outermost extremity 124 abuts against the 
periphery of the aperture in the second housing portion 104 in a sealing manner when the 
filter core 150 is inserted into the filter assembly 100. The axial length of the filter core 
150 is such that, when the outermost extremity 124 of the gripping portion 122 is in sealing 
contact with the second housing portion 104, the disc portion 152 of the filter core 150 
presses against the central portion 106 of the first housing portion 102. The gripping 
portion 122 is annular in shape and has a central aperture commimicating with the interior 
of the filter core 150. 

A third embodiment of the filter assembly is shown in Figure 7. The filter assembly 100' 
has substantially the same construction as the filter assembly 100 shown in Figures 5, 6a 
and 6b, with the exception that the end 1 16b' of the HEPA grade filter 1 16' is sealed and the 
filter assembly 100' includes an outer casing 156. The end 116b' is sealed by suitable 
means, for example, potting, adhesives, etc. The end 116b' abuts against the interior 
surface of die second housing portion 104'. The outermost extremity 124' of the gripping 
portion 122' is securely bonded to the second housing portion 104'. The casing 156 is 
cylindrical in shape and is manufactured from a suitable plastics material. The casing 156 
is adapted to receive the HEPA grade filter 116'. An end 158 of the casing 156 is seated in 
the dished portion 108' and is bonded thereto by suitable means, for example, adhesives or 
potting. Slots 160 are provided in the casing 156 to allow air to diffuse out of the filter 
assembly 100'. The casing 156 provides protection for the HEPA grade filter 116' during 
handling. 
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The airflow path through the filter assemblies 100, 100' is substantially the same for either 
embodiment. The description below refers to the second embodiment but it will be 
appreciated that the description equally applies to the third embodiment. In use, the filter 
assembly 100 is placed upstream of the motor and fan assembly of a vacuum cleaner. The 
airflow path of the vacuum cleaner is designed and arranged so that air exiting the main dirt 
and dust collecting apparatus, preferably a cyclonic separating apparatus, enters the filter 
assembly 100 by way of the aperture in the gripping portion 122. The air then passes into 
the cylindrical passage surrounded and delimited by the filter core ISO. The end of this 
passage remote from the gripping portion 122 is closed by the disc portion 152 and the 
central portion 106 of the first housing portion 102. Because the filter core 150 presses 
against the central portion 106, the only available exit from the passage is through the 
cylindrical foam filter 120. The air therefore moves radially outwardly away from the 
longitudinal axis 126 of the filter assembly 100. Having passed through the cylindrical 
foam filter 120, the airflow continues radially outwardly in the direction of the arrow 128 
and passes through the electrostatic grade filter 121. The airflow then passes through the 
HEPA grade filter medium of the second filter portion 116 before exiting the filter 
assembly 100 in a radial direction. 

Under normal operational circumstances, the vast majority of any fine dust entrained within 
the airflow entering the filter assembly 100,100' will be trapped within the pores of the 
cylindrical foam filter 120 and the electrostatic filter 121. Little or no dust will be collected 
in the HEPA grade filter 116. This is because the cylindrical foam filter 120 has a large 
capacity for retaining dust particles and any dust that may escape from the cylindrical foam 
filter 120 will be trapped by the electrostatic filter 121 of the filter core 150, When the 
filter core 150 is approaching its loading capacity, it should ideally be removed and 
cleaned. This can be achieved merely by the user gripping the gripping portion 122,122' 
and lifting the filter core 150 out of the filter assembly 100 in the direction of arrow 130 as 
shown in Figures 6a and 7. The filter core 150 is then washed by rinsing under a household 
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tap in a known manner and allowed to dry. The filter core 150 is then re-inserted into the 
interior of the filter assembly 100,100' and operation can continue. 

It is preferred that the HEPA grade filter material from which the HEPA grade filter 116 is 
made should be washable. This ensures that the HEPA grade filter 116 does not degrade 
or deteriorate to any significant extent in the event that the filter core 150 is returned to use 
before it is completely dry. Also, it is possible that the filter core 150 will not be cleaned 
by washing before its loading capacity is exceeded. In this event, dust previously trapped 
by the filter core 150 maybe expelled therefrom. Any and all dust expelled from the filter 
core 150 will inevitably be trapped and captured by the HEPA grade filter 116. If a 
significant amount of dust is allowed to accumulate on the HEPA grade filter 116, it can 
then be washed by rinsing under a household tap and allowed to dry. Operation of the 
vacuum cleaner can then be resumed. 

The locating legs 110 are illustrated in Figures 5, 6b and 7 as being equispaced about the 
longitudinal axis 126 of the filter assembly 100,100'. If the vacuum cleaner or other 
apparatus in which the filter assembly 100,100' requires a specific rotational orientation of 
the filter assembly 100,100', then an asymmetrical arrangement of locating legs can be 
provided so that the filter assembly 100,100' cannot be properly located in the appliance in 
any orientation other than the correct one. However, with airflow entry being arranged 
axially and airflow exit being allowed in all rotational directions as illustrated in Figures 5, 
6a, 6b and 7, this is not necessary. 

Modifications and variations will be apparent to a skilled reader. Means and devices for 
holding the filter assembly in the relevant appliance and for correctly orientating it in 
position, other than those mentioned above, are not intended to be excluded from 
protection. It will also be appreciated that the shape of the filter or filter housing need not 
be cylindrical and other shapes will be equally suitable. Indeed, the filter housing shown in 
Figures 1 to 4 need not be open on one side when the filter assembly is in use: the filter 



wo 01/45545 



PCT/GB00/032n 



14 

housing could take the foim of a cage-like structure having closed side walls but with both 
end surfaces defined by spokes or a mesh. One or both end surfaces could be removable or 
openable to allow access to the filter portions for cleaning purposes. Either or both of the 
cylindrical sleeve and the central gripping portion may be omitted from the filter housing. 
If the central sleeve is omitted, the central apertures of the first and second filter portions 
will also be omitted. Other variations will be apparent to a skilled reader. 
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CLAIMS 

1. A filter assembly for use in a vacuum cleaner having a first filter portion comprising a 
foam filter, and a second filter portion located downstream of the first filter portion and 
consisting of a HEPA grade filter medium, the first and second filter portions being 
held directly adjacent one another by means of a filter housing, the foam filter of the 
first filter portion being, in use, exposed directly to a dust-laden airflow, and the first 
filter portion being removable from the filter assembly, characterised in that the first 
filter portion further comprises an electrostatic filter located on the side of the foam 
filter facing the second filter portion. 

2. A filter assembly as claimed in Claim 1, wherein the electrostatic filter is bonded to the 
foam filter. 

3. A filter assembly as claimed in Claim 1, wherein the electrostatic filter is removably 
attached to the foam filter. 

4. A filter assembly as claimed in any one of the preceding claims, wherein the first filter 
portion is washable. 

5. A filter assembly as claimed in any one of the preceding claims, wherein the second 
filter portion is washable. 

6. A filter assembly as claimed in any one of the preceding claims, wherein the first and 
second filter portions are at least partially enclosed by means of the filter housing. 

7. A filter assembly as claimed in any one of the preceding claims, wherein the filter 
housing is formed from a plastics material. 
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8. A filter assembly as claimed in any one of the preceding claims, wherein at least one of 
the filter portions is bonded to the filter housing. 

9. A filter assembly as claimed in Claim 8, wherein the second filter portion is bonded to 
the filter housing, 

10. A filter assembly as claimed in any one of the preceding claims, wherein the filter 
housing has an open side via which the first filter portion is introduced to the interior of 
the filter housing. 

11. A filter assembly as claimed in any one of the preceding claims, wherein the first filter 
portion has a tab or gripping portion located on a surface thereof remote from the 
second filter portion to facilitate removal of the first filter portion from the filter 
housing. 

12. A filter assembly as claimed in any one of the preceding claims, wherein the first filter 
portion is cylindrical in shape and is closed at one end. 

13. A filter assembly as claimed in any one of the preceding claims, wherein the filter 
housing incorporates locating means for preventing incorrect orientation of the filter 
housing within the vacuum cleaner. 

14. A filter assembly as claimed in Claim 13, wherein the locating means comprise a 
projection located on the filter housing and extending outwardly therefrom. 

15. A filter assembly as claimed in any one of the preceding claims, wherein the filter 
assembly is generally cylindrical in shape. 
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16. A filter assembly as claimed in Claim 15, wherein, in use, the direction of flow of the 
airflow sequentially through the first and second filter portions is generally parallel to 
the longitudinal axis of the cylindrical filter assembly. 

17. A filter assembly as claimed in Claim 16, wherein, in use, the direction of the flow of 
the airflow sequentially through the first and second filter portions is generally radial. 

18. A filter assembly for a vacuum cleaner substantially as hereinbefore described with 
reference to the accompanying drawings. 

19. A vacuum cleaner having an airflow path and at least one filter assembly as claimed in 
any one of the preceding claims located in the airflow path. 

20. A vacuum cleaner as claimed in Claim 20, further comprising a motor for causing air to 
flow along the airflow path, wherein the or a filter assembly is positioned upstream of 
the motor. 



wo 01/45545 



PCT/GBOO/03212 



1/4 




FIG.2. 



<a IRffTlTIlTF SHFFT (Rl II F Oh\ 



wo 01/45545 



PCT/GBOO/03212 



2/4 





FIG.4a 



FIG.4b. 



wo 01/45545 



PCT/GBOO/03212 




FIG.6a. FIG.6b. 



SI IBSTITUTE SHFFT ffil H F Ofi\ 



wo 01/45545 



PCT/GBOO/03212 



4/4 




FIG.7. 



CI locrm rrp cmppt mi ii p ofi\ 



INTERNATIONAL SEARCH REPORT 



Inte onal Application No 

PCT/GB 00/03212 



A. CLASSIRCATION OF SUBJECT MATTER 

IPC 7 A47L9/10 



According to Intemalional Patent Classificalion (IPC) or lo bolh national ctassHlcallon and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (dassirication system followed by ciassKicalion symbols) 

IPC 7 A47L BOID 



Documentation searched other than minimum documentation lo the extent that such documents are Included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practlcai, search terms used) 

EPO-Internal , WPI Data, PAJ 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ° Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to dalm No. 



US 5 651 811 A (FREY R A ET AL) 
29 July 1997 (1997-07-29) 
abstract 

column 5, line 31 - line 48 
column 6, line 3 -column 7, line 6 
column 7, line 40 - line 67 
figures 1,4-9 

GB 1 501 927 A (BATES W) 

22 February 1978 (1978-02-22) 
page 2, line 59 - line 106 
figure 



-/-- 



Further documents are llsled in the continuation of box C. 



Patent family members are listed in annex. 



° Special categories of cited documents : 

'A' document defining the general state of the art which is not 
considered lo be of pailicular relevance 

'E' earlier document but published on or after the international 
filing date 

'L' document which may throw doubts on priority claim(s)or 
which Is cited to establish the pubilcatlon date of another 
citation or other special reason (as specified) 

'0' document referring to an oral disdosuis, use, exhiblion or 
other means 

'P' document published prior to the International filing date but 
later then the priority date claimsd 



"T" later document published after the international filing date 
or piiorily date and not in conflict with the applicallon but 
cHed lo understand the prindpie or theory undeitykQ the 
Invention 

'X' document of particular relevance; the claimed invention 
cannot be considered novet or cannot be consfdersd to 
involve an Inventive step when the document is taken alone 

■Y" document of particular relevance; the claimed invention 
cannot be considered to involve an inventive step when the 
document Is combined with one or more other such docu- 
menls, such combination being obvious to a person sidlled 
In the art. 

document member of the same patent family 



Date of the actual comptetion of the Internallonai search 



16 November 2000 



Date of mailing of the international search report 



24/11/2000 



Name and mailing address of the ISA 

European Patent Office, P.a 5818 Patentiaan 2 
NL-22BOHVR4swl|k 
TeL (+31-70) 340-2040, Tx. 31 651 epo ni, 
Fax: (+31-70) 340-3016 



Authorized officer 



Cabral Mates, A 



Foim PCT/ISA/Z10 (second sheet) (July 1992) 



UN 1 ERJNATIONAL SEARCH REPORT 



Intt .ional Application No 

PCT/GB 00/03212 



C.(Contlnuatlon) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category • Citation of document, with indication,where appropriate, of ttie relevant passages 



Relevant to claim No. 



US 4 726 825 A (NATALE A) 
23 February 1988 (1988-02-23) 
abstract 

column 5, line 31 - line 66 
column 7, line 44 -column 8, line 22 
figures 3-6 

US 5 230 722 A (YONKERS R A) 
27 July 1993 (1993-07-27) 
abstract 

column 3, line 2 - line 21 
figures 3,8 

WO 99 12635 A (KORMAN D J) 
18 March 1999 (1999-03-18) 
cited in the application 
abstract 
figure 2 



Foim PCTVlSA/210 (ccnlinuBtian of saoond shaatt fJulv I092t 



IIN lEKJNAllOINAL SEARCH KEFUKl 

Inrormatlon on patent family members 



Intt lonal Application No 

PCT/GB 00/03212 



Patent document 




Publication 


Patent family 


Publication 


cited in search report 




date 


meniber(s) 


date 


US 5651811 


A 


29-07-1997 


US 


5593479 A 




GB 1501927 


A 


22-02-1978 


Mniur 
nuiMt, 


/ 




US 4726825 


A 


23-02-1988 


lie 




23-09-1986 








AU 


582420 B 


23-03-1989 








AU 


5364986 A 


28-08-1986 








CA 


1282347 A 


02-04-1991 


!._ _____ _ 






GB 


2171614 A,B 


n^— no- 1 QfiA 


US 5230722 


A 


27-07-1993 


NONE 








A 


18-03-1999 


AU 


6332098 A 


29-03-1999 








CA 


2259128 A 


18-08-1998 








EP 


0929356 A 


21-07-1999 








US 


6119689 A 


19-09-2000 



Pom PC:T/ISAA>10 fDatantfanllv arwrnvl fJiiKf 10091 



